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ABSTRACT: 

A rontour image representation is stated and an algorithm for converting a set of 
digital television images into this representation is explained. The algorithm consists of 
five stops: digital im-ge thresholding, binary image contouring, polygon nesting, polygon 
smoothinc, and polygon comparing. An implementation of the algorithm is the main routine 
of a ptograrn called CRE; auxiliary routines provide cart and turn table control, TV 
camera input, image display, and xerox printer output. A serendip application of CRE to 
type font construction is explained. Details about the intended application of CRE to the 
perception of physical objects will appear in sequels to this paper. 
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INI RODÜC riüN. 

The ocronyifl CKE »tands both for "Contour, Ftofion, Edge". CRE is a solution to 
the pfpbUfin of finding contour edges in a set of television pictures and of linking 
corrnsponding «sdgrs from one. lecture to the next. The process is automatic and Is 
intended to run without human intervention. Furthermore, the process is bottom up; 
there jre no j-lgnificanl input« other than lha tjiven television images. The output of CRE 
is o 20 nnntour map data structure which is suitable input to a 3D geometric modeling 
prog, an». 

Thn overall design goal for CRE wa< to build a region-edge finding program that 
could be applied to a sequence of television pictures and that would output a sequence 
of line drawings without having to know anything about the content of the irru'.ges. 
Furthermnr« it was desired that the line drawings be structured. The six design choices 
that del. rmmtd the character of CRE are: 

1. Dumb vision father than model driven vision. 
2. Mtilli imuge analysic rather than single image analysis. 
3. Total irnagr- structure imposed on edge finding; rather 

than separate edge finder ,.nd imö^ü utvilyzer. 
4. Automatic rather than interactive. 
5. Fixed imegc window size rather than variable window size. 
6. Machine Unguage rather than higher level language. 

The; design choices ore ordered from the nore strategic to the more tactical; the 
tirt Ihruu choices being research strategics, lha latter three choices being programming 
tactics. Ado;-tin;; these design choices lead to image contouring and contour map 
structutcs .imih.r to that of Krakeuer[3] and Zahn[4]. 

The first design choice does not refei to the issue of hov/ model dependent a 
finished jenciöl vision system will be (it will be quite model dependent), but rather to 
th issuo of how one nhould begin building euch a system. I believe that the best 
stiirling points are at the two apparent extremes of nearly total knowledge of a 
particular visual world or nearly total ignorance. The first extreme involves synthesis 
(by romputnr graphical of D predicted 2D imago, followed by comparing the predicted and 
a perceivi d iiage (or Might differences which {ire expected but not yet measured. The 
•:.(■( Mid ßxti( me InvolvRS jmnlysing perceived imnges into structures which can be readily 
compared for neai eqnclity and maasired for slight differences; followed by the 
const Kiel if »n of a 3D geon^etric mod,.! of the perceived world. The point is that in both 
rave.'- im.-,., s ore compoied, and In both casen the 3D model initially (or finally) contains 
specific nuiTietical dot , on tl.e geometry and physics of the particular world being looked 
at. 
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INTRuDUCTiüN 

Tiv' ccond design choice, or tnuiti imag« anaylois rather than single im^|e analysis, 
providuü ■ basis for uoJving for camera positions and feature depths. The {hird design 
choiv ■•iv (or rathor avoids) the problem of integrating an edge finder's results into 
tin mr.' Uy using i very Mmple edge finder, ^nd by acct-pting all the edg^s found, the 
inu»g< ütrii lure i' never lost This design postponcc the problom of^ interpreting 
photonv-'li"- i-dges as physical edges. • 

The fourth choice is a icsrlution lo write an image processor that does not 
requites opei .tor asststanci or >&rarrtater tuning. The fifth choice of the 216 by 288 
fixt.d windov^ size is a sin ll>at proved surprisingly expedient, it is explained later. A 
van.-ibk- window version of CRE at Kcrfvcs, ünto:.. «nd other simple fractions of its present 
window size -vill be iiiauc ut 'joftat futurti ü&U 

The final desinn choice of usinj nKKhinc language was for the sake of implementing 
node link data structures thai are processed 100 faster than LEAP, 10 times faster than 
compilrd I ISP and lhat require significantly less memory than similar structures in either 
LISP or LEAP Furthermore machine code asscmblM and loads faster than higher level 
languagesj r.nd machine rode can be extensively fixed and altered without recompiling. 

It is my impression that CRE does not raise any new scientific problems; nor does 
it have any really now solutions to the old problems; rather CRE is another competent 
video region • dg? finding program with its own set of tricks. However, it is further my 
impression 11 at the particular tricks for smoothing, nesting and comparing polygons in CRE 
are originJ us programming techniques, 

I he intunded use of CRE is illustrated by the sequences of turn table pictures on 
pa:/'. 1 and 3. The figures on page 5 illustrate the quality of contoured images over a 
rang':'  o(   ■ubject   mdtter.   Finally the application of CRE to typography  is illustrated 
pan 
ran 
below 

(»[li i i •,. I Mitl •-      Vf .int 

':> \i »i •; J ::: sf ^ 3 ■ ;; ■> .;: r%% ty^^^^s^i? Y ^y x 

;i    '1   »•   (1   c   f   f,   li   i   i   t:   I   »11   11   o   p   >i   iiw   f   u   v   \v    x   i)   s. 
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FIGURE   3   -   INTENSITY   CONTOURING  ON   A  VARIETY   OF   SUBJECTS. 
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Reproduced  from 
best available  copy 

Fho two 
ol    .ittty     c»Od 

imploro; ni'iJ  .1; 
Mtrnl.it'di:;   ii intiocjuctioo to thiv techi'oiü;,/ can be louiiu in Knulh [4}   The language of 
implt i . rtLuion ic POI'-IC n.-icl.iiv.- code via IKe FAIL aascrnbler, 

e»«ric dato Btructuret ot CRE art arrays and nodes; there are five kinds 
eijhl kinds of nod« ■ The node structures to be discussed are 
50' rn  word  fixod   .ired block«  in  a  fashion  usual  to   graphics   and 

conic in   ;.. 

hole . < Jdl stn ■..;./; L* in CRE repi. scnts a wqu snee in tune of video intensity 
Sir.ii conlr -i maj ■■ r.rc like topographical • lovation contour maps, in that 

no l\vo ontour line should •- u cross and in tliat all the contour lines should close. 
(..üiv .. •.; ;. •■;',, thi.' loop', ol contours unclose regions; und these regions overlap in a 
m   l  d (oshicn fonAin« a tro< like dota »tructure. 

A lix ^i n. 1.1 ßxamplcs of contoured imagM en page 5 illustrate, a notion that is 
nmpl nlirclly not in CRE, is that of a schematic line drawing. Although the CRE output car 
bt viewed . i collection of lines en ,i display screen, people expecting a line drawing 
rcfidili n . ; the [jiven television pictur will be disappointod. A CRE picture is a simple 
transfoimation of the photomehy, Ocomctry and topology of the original video image; 
wlv. K.K. the typicJ lint drawing from a human illustrator is a representation of the 
scene without photometric information On the other hand, the work of an artist such as 
Peter Max; or a paint-by-tha^nunbera grid does resemble CRE output. This is not an 
idl, coincidonca but rather a consaquence of whether or not the artist is trying to 
rcorr Si t phntomotnc data by quantui/! line:-. 

The xplanntion ol CR:" nod( structures will be presented in three parts: first, the 
■,, i ,i ; .i . t>f ! . di .- will be briefly e-, laintdi second, the sub structures such as rngs, 
he ■ isnrj Ii ;■ will b« detcribedi rmd third, the node formats and their contents will be 
. <|>1 dn rl in (U lr.il Follmying that vvill be on ■ xplonotion of the five arrays in CRE. The 
reader is A/arned that tNs ivhole f«ub section (on data structure) is an elaborate shaggy 
do^ btory ul iiamii>»i i>ajncs 
following   ub .ection (on the algorithm), 

md ftefiivng thiiv.s; all the action is to ba  found  in the 
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ÜAIA bTWXTUKE: KINDS Ul  NODES 

^^ CW : in,'J'' of CRE ^■'■■■- ^dor, Arc. Polygon, Shape, Imaie, Level. F.lrr. 

I. At the top o( the »trudur« il lh« Mm node, the filrn node ,s unique and serves 
M an pBLIoT from which aH other nod., may be reached. The film node embodieo the 
7 ' '' a ''''' 0 fr|l"loid filrn W « "onsth of n-jgnctk video tope. A fiirn ,. a sequence 
01 .,mafie    '■■" ,1 by the MIIM camera of the ^ame scene with only a small  amount  of 
• iCtion betwi en images. 

2 An image node rep'et.ent: the famiiir two dimeroional idea of i photograph or 
an Ml par.hng or to be oxdd a digital v,deo ima-e of 216 rows by 28S columns of 
number, i  nemg from 0 for dark to 53 foi bright.   The imece is formed by a thin lens and 
• project, d on a lU irwig? plan« The ktaa of an image i« so common tM it is easy to 

ev< rlool the .vond,. of ..un lighi scattering off of surface, refractin3 thru a lens, and 
torimti;; ,i i oinple>. pattern cal^d d real imago. 

3. r;. ir.'v the imogo nock are tha ir^ensity contour levels. A contour level I« a 
b«n ry .n,,.,,. that remits from threehoiding a -ray scaled image. So an image is 
compos« d oi lesv« Is .,nd, m turn, a level is composed of polygons. 

4. A Potygon node represents the idea of a contour loop which always closes 
upon itsdl and ifl not cross itself or .ny othe^ contour. Contour loops are 
approximetod by a ring of actors, hence, the tern "polygon" The contour polygons 
always have  it least three sides iind are simply connected. 

5. Shape nodes contain dot- abod one or two polygons. The data in a shape 
neck- is not a posibve representation of the motion of shape, but is rather the 
poram ten  of alignmcnl thai must be normalized out before shapes can be compared. 

6 j/ector nodes contain the locus of on Imago vortex; however since vectors 
'J''" :-  t0  a   >'0\y^on  and  aiwoys have  two  neighbors;  their  counterclockwise 
'Hi,,lu ü       considered to determine their vector direction. 

7.   ^rc nodts ore vectors thai are mad.' by the polygon smoothing routine; one arc 
-Hy rcpl.ico several   sectors.   When both arcs and  vectors are bein^ discussed- 

■ i ctor-. arr '.tnctly horizontal and /ortical, whereas arcs may point in any direction. 

,    '■    r,v'!'ly ^ ^;;'n :r:if':xl of "* fl^G ^öo size dynamic storage allocation 
mech ini..m ..    d m CRE.   Entities are made by taking empty nodes from an AVAP   list anc 
en itit s me ; illed by returnins their node to the AVAIL list; there is no garbage collector 
out there is a space compactor. ' 

- 7 

■MMMMM 



DMA STRUCTURE LINK *NC DATUM NAMES 

,        t
Nü '  - ' 0n[",n ■;ltl' -'' —■'■■"■■ ^ Wl Cl point«r« to other node.; euch node pointers 

" .. /" •;:",;•": ? ^ "r rewvi,or f^^* ^ m »^ nu« w^ the if 
;,.':;;,   ■'"  ,J l^rn "— ^ "^^-^   ^e Hnh names w,!! always appear 

LINK NAMES: 

CW 
ccw 
HAD 

A 
:•.,.. 
I 
ALT 

PGON 
MTlMt 
PTIME 

clock wits 
t.cuntt-r clocl-'.vice 
p-in n| of nod - iii3 I troo ■••tructure, 
desc.-'vi..nt or .i neda down 0 tree itructuro. 
i"ii'- k (or in-iu >, polygon 'Vithin 
HirrV -r; oglftido, swroundlftjj polyfon, 

1'■ ■ n :;e. 

l.»livc [Ksiygor 
positive I'd 
t)e«;cttive in real lime, into tue pest 
positive in real time, into Ihe future. 

13 UATUM NAMES: 

Boolean dot urn:. 

type 
reloc 

type of nod« bits, 
rellocoticn ot nod« bito. 

Fixed pomt doturot. 

fOW 

col 
cnti -t 
ncnl 

to// of imog«: IOCJI 1 
column of imä ,•■ I :i 
conti ist ot ./-i (d; . vector önd ürc. 
number count, various uses. 

i'   tin» poir.t datums. 

zebptti 
pi rm 
-if <: a 

lllxx 

myy 

rnzz 
pxy 

2 depth fioi.i c unora lens center. 
length of jxnivr.'. r 
<'»?•;■ ri In pixel unit •. 
moment oi inertia ibotit x axis. 
momonl of inertia abcut Y axis, 
moment of inertia tboul Z axis, 
product of inertia v ith respect 
to the X and Y «KOS. 
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DA I A SI R(    11 l«E: I HE RINGS, FRtLS, LISTSj AND ARRAYS. 

CR(- inputs n irrKijjo into an orray calLd TVBUF; it makes the node structures, 
sotTHä oi v/lü • are temporary; and it output;, u final version of the structure representing 
a Mm of i-fi.,,, ■ The temporary structures arc rcicvant to understanding the process; 
but only the linal structure is relevant to using CRE output. In summary, the important 
structuies arc; 

FOUR ICINGS 
1. Im i .■■ iifij of the film 
?. !  'vrI rinj ot :.n imago. 
3. Coiy^,;ii t'\ng of .; level. 
4, Vector ring of ü i">oly2on. 

TWO TRELS. 
i   The Itoc of ■ in«; 
d. The tree of nested polygons. 

TWO i iSTS. 
1   Hme I ne lists 
?  Flic i mply node list 

TEWR RARY STRUCTURES 
1. Arc iinnr. oi polygons 
2. Fusion shape i ingi o^ levels. 

FiVi" ARRAYS 
;   rVBUF -216 row -, 283 cotumna of   6 bit bytes. 
?. PAC    - 216 lo.v, PC0) columns of   1 bit bytes. 
3. \/:En 21 r rows, 289 columns of 1 bit bytes. 
•i MSEC -217rov , 28S colmnns of I bit byttt, 
I), SKY    - 21fi row , :' > .o,    „-.n of 13 bit byte». 

Tlv • i u;- ; Itn :d( FIVJ (ill '. compoc;(«d of : ring of images. Each image is 
rorrii ■ ■• ■ . ring if hv>ls rc-ii level is composed of a ring of polygons. Each 

er ' ■ ipo ■ ^ ■; 'ii .. •.'• '.•■c,.o s. Tue ring structures are impltmented with the 
fci i link n ■; I DAO, SON, CW ^.nd CCW, The rings are headless only in the sense that 
cill iiv- . !■ :, i i . of a rin« are htother; a pointer to the head of a ring is stored in the 
DAL) link of uch element Thu DAO cf the film node is NIL; and NIL is an 18-bit zero. 
Tlv final ''i of ill /ectoi node.:- is also NIL. The DAD and SON links form a tree of 
rinris. 

wmmmmmmmm 
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ÜAIA STRUCTURE: THE UINÜS, TRLLS, USTG AND ARRAYS. 

Etoudti the tree of ringt, theie is the tree of nested polygons. The nested 
polygon Irea is irnpli-mented with the four links named ENDO, EXO, NGON and PGON. The 
EXO of a polygon points at its surrounding; polygon. The ENDO of a polygon points at one 
of the poly-ons that may be enclcived within the civen polygon; and the NGON and PGOIM 
links form ., ring of polygon:, that have the same EXO polygon. 

The time line liste run thru arc und polygon nodes. In the simple case, the time 
llfW! link-, of 3 polygon point to a corrosponding polygon in the image previous (NTIML) or 
subsequent (PTIME) of the current poly^n; the correspondence being that the time 
polygon \u fXfictly live some intensity at nemiy the same location, orientation, and size as 
the ,,ivrn polygon. In the casa of polygon fusion, the time line link of a polygon points to 
a tiiiiH polygon of which the yven polygon becomes a part. In the case of polygon 
fission, the time line link of a polygon point-., to only one the pieces into which the given 
polygon Rplit«. 

The time lino links of on arc vector point to a corresponding arc vector in the 
image previous or subsequent of the current .uc vector. The polygons of arc vectors 
mated in time c;rc themselves mated in time; because after polygon time line links have 
boon made, one polygon is temporarily tranr.l.iled, rotated and dilated so as to have the 
same lamina inertia tensor as its mate; that is the locus of the arc vectors of one polygon 
ore temporarily alternd; then the corresponding arc vectors are found and their time line 
linkages are made 

The rmpty node list is maintained in the CCW link positions; the last empty node 
contains a zero link. All nodes are explicitly mad« from and killed to the empty node list 
by the subroutines MKNODE and KLNODE. 

The ire ring of a polygon is just like a vector ring except that the pointer to It is 
•ton d in the ALT link of the polygon, while the polygon has both a ring of vectors and a 
ring of arc:. 

The fusion shape ring of a intensity level runs thru the CW and CCW links of 
shape nodes and is pointed at by the ALT link of the level. Fusion shape nodes are the 
shapes generated to represent pairs of polygons unmated in time. 

- 10 



DATA STRUCTURE; TYPE (JITS. 

Each nodi' has a word reservad for a boolean vector of 36 values, or bits.   The 
firot eightuen bits ure called the type Lito and are individually named as follows: 

ik..^ 

toi o 
vrcloir. 
orily   2 

3 

WESIJIT 
1 SOUBIT 
EASEIT 
NORE11T 

westward vector. 
couthwuid vector, 

eastward vector. 
northward vector. 

4 
5 

for     G 
polygon- 
only   7 

8 
9 

TcT 
modify 1 1 

NFUSE NTIME polygon fusion. 
NFICS NJTIME polygnn fi&sion. 
NEXCT NTIME polygon exact match. 

PFUSE PTiME polygon fusion. 
PFISS PTiME polygon fission. 
PEXCT PTIME polygon exact match. 

kind 

12 
13 
14 

I b 

1 7 

HOLBIT 
ARCBIT 

SBIT 
VBIT 
PBIT 

LBIT 
IBIT 
FBI"! 

Hole polygon bit. 
Arc vector bit. 

Shape node bit. 
Vertex node bit. 
Polygon node bit. 

Level node bit. 
Image node bit. 
Film node bit. 

The first four bits WESU1T, SOUBfT, EASOfT and NOKBIT apply only to vectors and 
indical the .-»roction of the vector The next six bits NFUSE, NFISS, NEXCT, PFUSE, 
PFIS I, PE.'XT are sat by the polygon compare routine to indicate the kind of time mating 
found; whi w. N and P mo.ivn negative time or postiva time linkage; fusion means that the 
given polygon and another polygon fuio to form the time polygon, two into one; fission 
means the given polygon splits, one into two; und exact means that the given polygon 
rnalclv.. ono for one with its time polygon 

The not two bits HOLBIT and ARCBIT indicate, distinguished polygons and vectors 
rep. riiv. ly. Only one of tho last six bits: SBIT, VBIT, PBIT, LBIT, IBIT and FBIT may be 
on in a node   These bits indicate the node's type. 

■ — ■ 



DATA STRUCTURE: RELOCATION BITS, 

The noxt »ightMn bits are called the reloc bits and indicate whether or not a link 
is stored in a particultir position of the node. The relocation bits are used to compact 
the CRF! nndo r.poco for output. 

18 unused 
19 CAR(WORDO) 
20 CDR(WORDO) 

21 unused 
22 CAR(WORDl) 
23 CDR(WORDl) 

2']       unused 
25 CAR(VyORD3) 
26 CDR( WORDS) 

27 unused 
28 CAR(W0RD4) 
29 CDR(W0RD4) 

30 unused 
31 CARt WORDS) 
32 CDR< WORDS) 

33 unused 
34 CAR(W0RD6) 
35 C0R{W0RD6) 

The CAR of a word is the left half The COR of a word is the right half. In the 
nodo dicijiiams the telocation of each word is indicated directly to its right as 0, 1, 2 or 3 
meaning no relocation, left only, right only, and relocate both halves, respectively. 

12 



VECTOR K 2  ARC NODE FORMAT. 

1 mi r| 
.' 

11"!   ■ ! 

J 

II' i ■! 

Ill  i rl 

iliu  .1 

III II ij 

i n rd 
r, 

vf?ctor  r incj 

—- DAO 
po 1 uci on 

SON 
arc   ■ i    vector 

type r e 1 ''C 
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"I 

3 

3 

0 

0 
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The format of vectors and arcs is identical. Inside CRE the term "vector" has the 
connotation of being strictly a horizontal or vertical generated by the contouring step; 
whereas an arc is a vector generated by the smoothing step. Vectors contain the 
fundamental geometric datum of an image locus. The image locus is stored in the 
halfword datums named row and col, which contain the row and column of a point in units 
1/64 of a pixel (A "pixel" is a "picture element"). Vectors and arcs also contain the 
photometric datum of edge contrast. 

Vectors always belong to a polygon node, a pointer to the polygon of each vector 
is stored in the link named DAD. as members of a polygon the vectors form a loop which 
is always connected so that each vertex has a neighboring vertex in the clockwise and in 
the counter clockwise directions about the polygon's perimeter; these perimeter pointers 
are stored in the link positions named CW and CCW Vectors never cross, arcs cross on 
occossion«; hut can be fixed. 

The ncnt datum of arcs and vectors contains their length. The time line links, 
NTIME and PTIME, may point to a corresponding arc or vector in the image previous or 
subsequent to the current image. (The zdepth datum contains a positive number 
indicating distance from the camera's image plane; the zdepth computation is not properly 
implemented as of May 1973). 



3. POLYGON NODE FORMAT. 

Hi il' cl 
n pohjcjo i  i i ncj 3 

iioi d 
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levcl 
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let   vector 3 

IIU'"'I tupe re loc 
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nord 
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5 

"IM" 
neft   bro  polygon nest   si B  |iolyoon 3 

nerd 
6 NU ME        time line       PTlfiE 3 

Every polygon belongs to a level pointed at by the DAD link; the ring of polygons 
of a levd is formed in the CW and CCW links; the son of a polygon is its first vector (or 
arc after the polygon has been smoothed) and that first vector has the upper left most 
locus of jny vector of the polygon. 

The ENDO, EXO, NOON, PGON ere used to form the nested polygon tree Every 
polygon has non-NIL NGOIM and PGÜN links; the trivial case being that the polygon points 
at itself twice. Every polygon except one, the outer border polygon, has a non-NIL EXO 
link.   Every polygon that surrounds one or more other polygons has a non-NIL ENDO link. 

The ALT link position of a polygon temporarily points to the first arc of a polygon 
during smoothim when a polygon has both veciors and arcs. The final contents of the 
ALT link is a pointer to the shape node of the polygon. The ncnt datum indicates the 
number ot sides of the polygon. 

The time line of polygons runs thru the NTIME and PTIME links which point either 
to a nearly exact match of a polygon; or to a fusion polygon of a two for one match; or 
to one of the two fission parts of a one for two match; (to find the other fission part,'the 
time links of the vectors must be scanned). 
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4. SHAPE NODE FORMAT. 
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Tho '.hopo nodt? contains the data necessary for normalizing two noiysons so that 
only then .hopes remain. In particular, the tow and col of a shape node is the center of 
mass of the polygon; area is the ore« perrn is the length of perimeter; and mxx, myy, 
mzZi pxy is the polygons inertia tensor (from which the principle angle of orientation can 
be computed). When given two shapes, the etnteff of mass may be aligned; the 
principle angle« may be align; and the areas (or perimeter) of the two may be normalized. 

There ore two kinds of shapes; polygon shapes and fusion shapes. Polygon shapes 
correspond to a single polyoon pointed at by the PGON link. The CW, CCW and NGON 
link-- of a polygon shape ..ro NIL. Fusion shapes are temporary nodes belongirg to a 
level as a ring thru CW and CCW, Fusion shapes correspond to the summation of two 
unmated polygons which are pointed to by the NGON and PGON links. The expressions 
relating to the inertia tensor and to fusion summation are given in the section on polygon 
comparing. 

The datiam named perm, ötoa, pxy, mxx, myy, rnzz contain the left half of a 
PD:;-I0 floating number (Technical note; half of a floating number has 9 bits of 
precision and should be expanded to full word by using the (mirabile dictu !) HLLE 
instruction in order to avoid an illegal floating ^ero caused by truncating numbers like 
-1023 0; in CRE, only the product of inertli will ever be negative). 
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5. LEVEL NODE FORMAT. 
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Every level belongs to an image pointed to by the DAD link; »he ring of levels of 
an image is formed in the CW and CCW links, the son of a level is its first polygon and 
that first polygon is t!ie upoer left most polygon of the level. 

The ncnt datum of I level contains its threshold cut value, which is an integer 
between -J and G3 The -1 level it always generated, and it contains a single polygon 
with four sides. The -1 [•veTi polygon Ii called the border polygon; the fiction being 
that every point beyond the edges of the television picture has an intensity value of -2, 
which is blacker than black. 

The ALT link of a level contains a temporary pointer to that level's ring of fusion 
shapes during polygon compare time mating 
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6  IMAGE NODE FORMAT, 
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Evnry image belongs to the film pointed to by the DAD link; the ring of images of 
the film lo formed in the CW and CCW links; the son of an image Is its first level and that 
first level is the -1 intensity cut level of the image. 

Although an affront to common sense, the counter clockwise direction about the 
Image ring is positive or later in time and the clockwise direction is negative or earlier in 
time I achieved this curio by consistently adhereing to the mathematical convention of 
countft docKvioe as positive; and a day came when counter clockwise around a ring of 
real time events was represented in the same manner as counter clockwise around a 
polygonal nng of edges. 

All the empty space m the image node is reserved for camera specification data. 
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7. FILM NODE FORMAT 

norcl rco— 
fl Ist   rnipty 

\IVI   '1 ÜAI) SON 
1 o Itt   image 

M(  I il typf- reloc 
33 8888 

norrl 
-'   — 

nor 'l 
4   --- 

HOI 11 
5 — ._. 

IIUI rl 
G   --- 

1 

3 

0 

8 

e 

0 

The film node is unique; it is the first node in a CRE output file; the SON of film is 
its firtt image; the DAD of a film is NIL; the CCW of a film is a pointer to the 1st empty 
node; however, because the nodes are compacted for output and then relocated with 
respect to the film node; the final empty node pointer indicates the number of words of 
data m the CRE file 
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8, EMPTY NODE FORMAT 
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The list of empty nodes is maintained in the CCW link postion; the last emotv nori* 
:onta,ns a zero or NIL link.   At present all the other words of'an em^tv n dl Z*l?* 

FIGURE SHOWING RASTER STRUCTURE. 
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DATA STRUCTURE: IMAGF ARRAYS, 

As mentioned before, there are five arrays in CRE: TVBUF, Television Buffer; PAC 
Picture Accumulator; VSEG, vertical MgmentSi HSEG, horizontal segments; and SKY* 
background sky blue array.   The dimensions are: 

FIVE ARRAYS. 

1. TVBUF - 216 rows, ^88 columns of   6 bit bytes. 
2. PAC    - 216 rows, 288 columns of   I bit bytes, 
3. VSEG   - 216 rows, 289 columns of   1 bit bytes. 
4. HSEG   - 21 7 rows, 288 columns of   1 b;t byte?. 
5. SKY    - 216 rows, 289 columns of 18 bit bytes. 

Inside CRE, the video image size was fixed at 216 rows of 288 columns of 6 bits 
per pixel My original idea was to write a vision operator that would be applied on a 
small fixed sized window; .o I have had windows 2 by 2; 2 by 3; 4 by 9- 32 by 36- 72 
by 96; and 216 by 288 That is 2I6-2t2»2»3*3*3 and 288-2*2*2*2*2*3*3 Having a 
fixed window size avoids a morass of word packing, array allocation and window splicing 
Having a window size constructed sul of powers of 2 and 3 simplifies what word packing 
is required and allows me to do area and space computations In my head. 

The image arrays of CRE are of course two dimensional with the coordinates in 
row and columns. Row number increases going down image, in the negative Y axis 
direction, which is also called the direction south. Column numbers increase going right 
on the image, in the positive X axis direction, which is also called the direction ea-t 
Video picture elements, or "pixels" are thought of as expressing the intensity of'a 
square cell; the cells are numbered from 0 to 215 rows, 0 to 287 columns; the number 
of a cell is the grid locus of its upper left (northwest) corner; the center locus of a cell 
is at (row+l/5,ccl + l/2). A pixel cell is surrounded by four segments; the horizontal 
s >grnento are numbered 0 to 216 rows, 0 to 287 columns; the number of an HSEG is the 
grid locus of its left (west) end point The vertical segments are numbered 0 to 215 
rows, 0 to 288 columns; the number of a VSEG is the grid locus of its upper (north) end 
point    These conventions are su^ested in the diagram at the bottom of page 1 9 
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Fl GURE    1   -   WATER   PUMP   Vi DEO   AND   SMOOTH  CONTOURS. 
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THE ALGORITHM; INTRODUCTION 

CRE conoists of five Gteps: thresholding, contouring, nesting, smoothing and 
comparms Thresholding, contouring and smoothing perform conversions between two 
different kinds of images. Nesting and contouring compute topological relationships within 
a given image representation   In summary the major operations are: 

MAJOR OPERATION OPERAND RESULT. 

1. THRESHOLDING; 
2. CONTOURING; 
3. NESTING; 
4. SMOOTHING; 
5. COMPARING: 

6-BIT-,MAGE, 
1-BIT-IMAGES, 
VIC-IMAGE, 
VIC-IMAGE, 
IMAGE It FILM, 

l-BIT-MAGES. 
VIC-iMAGE. 
NESTED-VIC-IMAGE. 
ARC-iMAGE. 
FILM. 

Although the natural order of operations is sequential from image thresholding to 
image comparing; in order to keep memory size down, the first four steps are applied 
one mte.-inty level at a time from the darkest cut to the lightest cut (only nesting 
depends on this sequential cut order); and comparing is applied to whole images. 

The illustrations on pages 21 and 23 show an initial videc image and its final 
smoothed contour image, the illustrations immediately below and on" page 24 the 
corresponding intermediate sawtoothed contour images. The illustrated images are each 
composed of seven intensity levels, and took 16 seconds and 13 seconds to compute 
respectively (on a PDP-IO, 2uscc memory). The final CRE data structures contained 6R0 
and 293 nodes respectives, which comes to 2K and 4.5K words respectivfly; the inifjal 
video image requires 10.2K words. 

FIGURE; PUMP SAW TOOTHED CONTOURS, 
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FIGURE   5   -   BLOCK   SCENE   VIDEO   AND   SMOOTH   CONTOURS. 
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1. THRESHOLDING. 

Thresholding, the first and easiest step, consists of two subroutines, called 
THRESH and PACXOR. THRESH converts a 6-bit image into a 1-bit image with respect to 
a G'ven threshold cut level between zero for black and sixty-three for light. Ail pixels 
equol to or greater than the cut, map into a one; all the pixels less than the cut, map into 
zeto. The resulting 1-bit image is stored in a bit array of 216 rows by 288 columns 
(1728 words) callod the PAC (picture accumulator) which was named in memory of 
MeCormtck't ILUAC-III. After THRESH, the PAC contains blobs of bits. A blob is defined 
as "rook's move" simply conntcted; that is every bit of a blob can be reached by 
horizontal or vertical moves from any other bit without having to cross a zero bit or 
having tö maka a diagonal (bishop's) move. Blobs may of course have holes. Or 
equivdlenfly a blob always has one outer perimeter polygon, and may have one, several 
or no inner perimeter polygons. This blob and hole topology is recoverable from'the CRE 
data structure and is Duilt by the nesting step 

Next, PACXOR copies the PAC into two slightly larger bit arrays named HSEG and 
VSEG. Then the PAC is shifted down one row and exclusive OR'ed into the HSEG array; 
and the PAC is shifted right one column and exclusive OR'ed into the VSEG array to 
compute the horizontal and vertical border bits of the PAC blobs. Notice, that this is the 
very heart of the "edgp finder" of CRE. Namely, PACXOR is the mechanism that converts 
regions into edges. 

jrs^rü 
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FIGURE   6   -   SAWTOOTH   DEKi NKI NG  ILLUSTRATED. 
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2. CONTOURING. 

Contouring, converts the bit arrays HSEG and VSEG into vectors and polygons 
* The contouring itself, is done by a single subroutine named MKPGON, make polygon 

When MKPGON is called, it looks for the upper most left non-zero bit in the VSEG array 
If the VSEG array is empty, MKPGON returns a ML. However, when the bit is found 
MKPGON traces and erases the polygonal outline to which that bit belongs and returns a 
polygon node with a ring of vectors. 

To belabor the details (for the sake of later complexities); the MKGON trace can 
go in four directions: north and south along vertical cc'jmns of bits in the VSEG array or 
east and west along horizontal rows of the HSEG array. The trace starts by heading 
south until it hits a turn; when heading south MKPGON must check for first a turn to the 
east (indicated by a bit in HSEG); next for no turn (continue south); and last for a turn to 

f the west.   When a turn is encountered MKPGON creates a vector node representing the 
run of bits between the previous turn srd the present turn. The trace always ends 
heeding west bound. The outline so traced an be either the edge of a blob or a hole 
the two cases are distinguished by looking at the VIC-polygon's uppermost left pixel in 
the PAC bit array. 

• 
There are two complexities: contrast accumulation and dekinking. The contrast of 

a vector is defined as (QUOTIENT (DIFFERENCE (Sum of pixel values on one side of the 
vectorXSum of pixel values on the other side of the vector)) (length of the vector in 
pixels)). Since vectors are always either horizontal or vertical and are construed as 
being on the cracks between pixels; the specified summations refer to the pixels 
immediately to either side of the vector. Notice that this definition of constrast will 
always give a positive contrast for vectors of a blob and negative contrast for the 
vectors of a hole. 

The terms "jaggies", "kinks" and "sawtooth" all are used to express what seems to 
be wrong about the lowermost left polygon on page 25. The problem involves doing 
something to a rectilinear quantized set of segments, to make its linear nature more 
evident. The CRE jaggies solution (in the subroutine MKPGON) merely positions the 
turning locus diagonally off its grid point alittle in the direction (northeast, northwest 
southwest or southeast) that bisects the turn's right angle. The distance of dekink 
vernier positioning is always less than half a pixel; but greater for brighter cuts and less 

» for the darker cuts; in order to preserve the nesting of contours.   The saw toothed and 
the dekmked versions of a polygon have the same number of vectors. I am very fond of 
this dekinking algorithm because of its incredible efficiency; given that you have a north 
south, east, west polygon trace routine (which handles image coordinates packed row' 
column into one accumulator word); then dekinking requires only one more ADD 
instruction execution per vector ! 
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3. NESTING. 

Auu      u 8 pr0biem ls t0 decide whether one contour Po'ygon is within another 
Although easy in the two polygon case; oolvmg the nesting of many polygons with 
respect to each other becomes n-squared expensive in either compute time or in 
memory space. The nesting solution in CRE sacrifices memory for the sake of greater 
speed and requires a 31K array, called the SKY. 

II. L ^'^f001"™'^0" of a properly nested tree cf polygons depends on the order of 
threshold cu tmg gomg from dark to light. For each polygon there are two nesting steps- 
first, the polygon is placed in the tree of nested polygons by the subroutine INTREE- 
second, the polygon is placed in the SKY array by the subroutine named INSKY. 

The SKY array is 216 rows of 289 columns of 18-bit pointers. The name "SKY" 
came about because, the array use to represent the furthest away regions or 
background, which in the case of a robot vehicle is the real sky blue. The sky contains 
vector pointers; and would be more efficient on a virtual memory machine that didn't 
allocate unused pages of its address space. Whereas most computers have more 
memory containers than address space; computer graphics and vision might be easier to 
program m a memory with more address space than physical space; i.e. an almost emotv 
virtual memory. w ' 

The first part of the INTREE routine finds the :.urrounder of a given polygon by 
sccinnmg the SKY due east from the uppermost left pixel of the given polygon The SON 
of a polygon is always its uppermost left vector. After INTREE, the INSKY routine places 
pointers to the vertical vectors of the given polygon into the sky array. 

e The second part of the INTREE routine checks for and fixes up the case where th« 
new polygon raptures a polyoon that is already endaved. This only happens when two 
or more levels of the image have biobs that have holes, The next paragraph explains 
the wean« details of fixing up the tree links of multi level hole polygons and the box 
following that is a quotation from the appendix of Krakauer thesis [31 describine his 
nesting algorithm. 6    ■>» 
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3. NESTING. 

Let the given polygon be named Poly; and let the surrounder of Poly be called 
Exopoly; and assume that Exopoly surrounds several enclaved polygons called "endo's", 
which are already in the nested polygon tree. Also, there are two kinds of temporary 
lists named the PLIST and the NL1ST. There is one PUST which is initially a list of all the 
ENDO polygons on Exopoly's EISIDO ring. Each endo in turn has an MUST which is initially 
empty. The subroutine 1NTREE re-scans the sky array for the polygon due east of the 
uppermost left vector of each endo polygon on the PllST, (Exopoly's ENDO ring). On 
such re-scanning, (on behalf of say an Endol), there are four cases: 

1. No change; the scan returns Exopoly; 
which is EndoTs original EXO. 

?. Poly captures Endol; the scan returns Pcly indicating 
that endol has been captured by Poly. 

3. My brothers fate; the scan hits an endo2 which 
is not on the PLIST; which means that endo2's EXO is valid 
and is the valid EXO of endol. 

4. My fate delayed; the scan hits an endo2 which is still 
on the PLIST; which means that endo2"5 EXO is not yet 
valid but when discovered it will also be Endol's EXO; 
so Endol is CONS'ed into Endo2?s NL1ST. 

When an endo polygon's EXO has been re-discovered, then all the polygons on 
that endo's NL1ST are also placed into the polygon tree at that place. All of this link 
crunching machinery takes half a page of code and is not frequently executed. 
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Fl GURE   7   -   SMOOTHI NG  AND   ARC   MAXI NG. 
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4. SMOOTHING. 

In ORE the term 
(polygon) into functions 
data The cmoothing st 
polygons of arcs. For 
segment. Fancier arcs 
•nostly because they w 
which would break the 
inertia tensors or mere 

"smoothing' refers ^tore to lha problem of breaking a manifold 
(arcs), rather than to the problem of fitting functions to measured 
ep, converts the polygons of vertical and horizontal vectors into 
the present the term "arc" means "linear arc" which is a line 

: circular and cubic spline were implemented and thrown out 
ere of no use to higher processes such as the polygon compare 
fancier arcs back down into linear vectors for computi % areas, 
display buffers. 

Smoothing is applied to each polygon of a level. To start the smoothing, a ring of 
two arcs is formed (a bi-gon) with one arc ?,t the uppermost left and the other at the 
lowermost right of the given vector polygon. Next a recursive make arc operation, 
MKARC, is is Qppled to the two initial arcs. Since the arc given to MKARC is in a one to 
one correspondece with a doubly linked list of vectors; MKARC checks to see whether 
each point on the list of vectors is close encugh to the approximating arc. MKARC 
returns the given arc as good enough when all the sub vectors fall within a given width; 
otherwise MKARC splits the arc in two and places a new arc vertex on the vector 
vertex that was furthest away from the original arc. 

The two large images in figure-7, illustrate a polygon smoothed with arc width 
tolerances set at two different widths in order to show one recursion of MKARC. The 
eight smaller images illustrate the results of setting the arc width tolerance over a range 
of values. Because of the dekinking mentioned earlier the arc width tolerance can be 
equal to or less than 1.0 pixels and still expect a substantial reduction in the number of 
vectors it takes to describe a contour polygon. 

A final important smoothing detail is that the arc width tolerance is actuary taken 
as a function of the highest contrast vector found along the arc; so that high contrast 
arcs are smoothed with much smaller arc width tolerances than are low contrast arcs. 
After smoothing, the contrast across each arc is computed and the ring of arcs replaces 
the ring of vectors of the given polygon. (Polygons that would be expressed as only two 
arcs are deleted). 
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FIGURE   9   -   POLYGON  COMPARE   AND   LINK. 
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5. COMPARING. 

The compare step of CRE, CMPARE, connocts the polygons and arcs of the current 
image with correbpondin^; polygons and arcs of the previous image. CMPARE solves the 
problem of rorreldting features between two similar images and is composed four sub 
sections: 

1. make shopc nodes for polygons. 
2 compare and connect polygons one to one. 
3. compare and connect polygons two to one. 
4 compare and connect vertices of connected polygons. 

First, the shape nodes of all the polygons of an image are computed. The shape 
node confoins the center of mass and the lamina inertia tensor of a polygon. The lamina 
inetticj tense, of | polygon with N sides is computed by summation over N trapezoids. 
I ho trapezold corresponding to each side is formed by dropping perpendiculars "up" to 
the top of the image framr; each such trapezoid consists of a rectangle an a right 
triangle; since the '.ides of polygons are directed vectors the areas of the triangles and 
rectnnglea can be arranged to toko positive and negative values such that a summation 
will do'.mbe the interior region of the polygon as positive. The equations necessary for 
computing the lamina inertid ter*ot of a polygon are collected in a table in the 
postscripts to this paper and were derived by using Goldstein's Classical Mechanics [1] 
as a reference. The meaning of the inertia tensor is that it characterizes each polygon 
by a rectangle of a certain length and width at a particular location and oriention; and of 
further importance such inertia tensors can be "added" to characterize two or more 
polygons by a -ingle rectangle. It is the lamina inertia tensor rectangles that are actually 
compared by CRE. 

Second, all the shapes of the polygons of one level of the first image are 
compared with all the shapes of the polygons of the corresponding level of the second 
image for nearly exact match. The potentially (M*N/2) compares is avoided by sort!.ig 
on the center of mass locations In CRE, which is intended for comparing sequences of 
pictures of natural scenes; match for center of mass location is tested first and most 
strictly, followed by match for inertia. Pointers between matching polygons are placed in 
the time link positions of the polygon nodes and the polygons a:'e considered to be mated 
in time. 
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5 COMPARING. 

Third, all the unmated polyßons of a level are considered two at a time and a 
fusion ■•-hope node for each pair is made. The potentially (N*N/2-N) fusion shapes are 
avoided becouse there is a maximum possible unmated inertia in the other image; if there 
are no unmated polygons m one image then the extra polygons of the first image can be 
ignored. In the event where there are unmated polygons in corresponding levels of the 
two images, the fusion shapes of one are compared with the polygon shapes of the other. 
The fusion (fission) compare solves the rather nasty problem, illustrated in figures 9A 
and 9B of linking two contour polygons of one image with a single contour polygon in the 
next image. 

Fourth, the vertices of polygons mated in time are compared and mated. To start 
a vertex compare, the vertices of one polygon are translated, rotated and dilated to get 
that polygon's lamina inertia tensor coincident with its mate (or mates). Conceptually, 
each vertex of one polygon is compared with each vertex of the other polygon(s) and 
the mutually closest vertices (closer than an epsilon) are considered to be mated. 
Actually the potential (NAM) compaies is avoided by a window splitting scheme similiar to 
that used in hidden line elimination algorithms (like Warnock's). 

The results of vertex compare and mate are illustrated in figures 9A and 9D; the 
compare execution takes less than a second on images such as the pump, blocks, and 
dolls that have appeared in this paper. The applications of this compare might include 
the aiming of a pixel correlation comparator (such as Quam's); recognition and location of 
an expected object; or the location and extent of an unknown object. It is this latter 
application that will be described in my forthcoming thesis. 
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USING CRE. 

A. PPIMLP ON RUNMNG CRE. 
B. TELETYPE COMMANDS 
C. SAIL INrERFACING. 
D. LISP INTERFACING. 

PRIMER ON RUNNING CRE. 

Single IflMgt Contouring 

Thi Stanford copy of CRE ic run by typing "R CRE". CRE di'plays only on a ill console, however 
.t will work (without display«) when run from a Data Disc console. The command scanner is a simple 
character jump table; the command tcannc w.li type an asterisk when it is listening for teletype input. 
Carriage rtturnt following commands are unnecessary but harmless; most commands signal their 
completion by displaying something or by typing a carnage return. Some commands require 
arguments 01 hie names. The question mark, T, command will display a summary of all the other 
commands. 

Command characters may he modified by the control and meta shift keys; such keying will be 
indicated in this document by the prefixing the characters V", "/?", and "(" to indicate control, meta or 
both ineta-control shift keying respectively. 

The command "T" will take a four bit television picture from camera numbf one. The command 
"H" will display a histogram of the television picture The command character SPACE will refresh the 
imege ,ou had before the histogram display. The command "C" followed by a list of octal numbers 
followed by a carriage return will make a contour image and display it. Thus the teletype discourse 
for (aKing and contouring a single television image -.hould have the following appearance: 

.R CRE 

♦ T 
*H 
*C20 40 60 
I 

All the images in this document were made with 3 or 7 equally spaced contours; for which cases 
the commands "0" and "efQ" will automatically specify contour cuts are 20, 40, 60 or 10, 20 30 40 
50, GO, 70 respectively. 
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PRIMER 

IMAGE INPUT, rn.lTPUT AND KGP^mf. 

After you hav« an .mage and it? contours; you ran t.ave one or the Other or both on disk files' 
Or p. nt one or Iht other. The "0" command w.ll output a yidM image file, m the new hand-eye 200 
o.tal^ordReader format. The "I" w.ll input a video HMf« from .uch a hand-eye file; if the file is not 
^lh by Z88. theo the center of the im«|i will be placed coincident w'h the .enier of a 216 by 288 
window and the irnaSe will he repar.Ked with undefined pivels set to zero. Both the T and the "0" 
commend« will ,...k for a filename; A an t»t«f*iOfl is not »xplicitly given the default extension "TMP" 
WM b« u .0. Tho -0" command w.ll output the- CRE data structure and the VI" command will input 
CRfc data   ttucture, naturally the default extension f< "CRE". 

rh« "X" command will outont a ',dco inM«« to the XGP The ". C" command followed by a list of 
OClal numbers w.ll output the MSCG and VSEG; raw voctOr contours, to the XGP. The "P" command will 
output the currently displayed HI buffer, the default extension is "III". Finally, the "J" command 
enhances the contrast of an .mage lor the sake of its appearance on the XGP. 

INTERACTIVL (MANUAL) MULTl IMAGE PROCESSING. 

Taki.v. or mputmg new television imefOS, and contcunng them us.ng the "C" command or the "0" 
command will form a film data structure. Images can be explicitly compared „od linked by typm2 "M" 
-natch command which links the latest .mage w.th the immediately previous image The "Z" commanri 
Will zero the data structure of all images. ' "   

AUTOMATIC MULTl IMAGE PROCESSING. 

The "A" command is for ■utOm«ti< turn table perception, CRE takes 64 pictures from camera «3 
while rotating the turn taMe, outputs I FH« md exits (.eturn.ng control to the 3D geometric editor) 
The turn teble is manually moved small amount« by the four possible "Y" command^ "Y" VY" "AY" 
and ".Y". Numeric absolut« and roietiv« poutienini of the turntable is under the ""U" command- the 
details of which are still being developed. ' 

-35 

- - — ^-J^» .... __„ „,.. - -  



CRE TELCTVPE COMMANDS 

VIDEO COMMANDS  

T 
M r 
s 
■ s 

/<s 
•s 

Take rf 'l bit tele .'i^ion picture. 
THI-P a f) bit tele^i'ion picture. 
Selert (^rnpr.i number, default is camera »I 
Set 1CLIP, default is 0 
Set BCUP, default is 7. 
SbnnK node 'pace. Calls node storage compactor. 

The t vo command dwacters "T" and "S" control live video camera input. The default camera is 
camera u] on the Cohu camera on the hand eye tao'e Camera fO is the Cart Receiver, camera «2 is 
the sierr« K«nd e>e cwwr«, Mtd CMWra »3 A one or the other old brown cameras depending on 
which COCK rt piutged up, 'he brown camera nt« i;i23 « the Eont Camera and the brown camera near 
the turntable i-  the GEOMED Camera. 

INPUT OUTPUT COMMANDS   

I Input TMP file.        Television ima^e from cli<-> file. 
■ 'I Input CRE file.       Contour film from disk file. 

0 Outpul TMP file.   Television image to disk file. 
•-0 Output CRE file. Contour film to disk file. 

X Output    ideo imagt to XGP. 
P Output HI file.        Ill buffer for caicomp piotter. 

(C Output VIC contour edges to XGP. 
Thi' (Ommand requups .< Ii%l of octal numbers. 

J Conti.^st enhancement for the sake of XGP appearance. 
« Tjpe twenty LRLE's to clear pa^.e printer. 
f Display help •.ummary of CRE commands. 

IMAGE COriTOURlNG COMMANDS. 

C '"ul at gi  M thieshold level'.. 
0 Cut «t equitlly   p.v^d conttouts, three cuts'20, ^0, 60. 

■-0 Stven tilt»: 10, 20, 30, 40, 50, CO, 70. 

f. I nable all CRE proce$itng, 
Ü Disable    ll steps "veept contouring. 

M Compare and mate match current image with previous. 
W Lntoi  Arc Width fabtf alter mode. 
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CRE TELETYPE COMMANDS 

NODE FOLLOWING COMMANDS. 

! 

OMJCOM 
< > D/1 n„SON 

TYPF..PFLLOC 
u n ENOO^EXO 
< _•* ALr>,ricriT 
c 3 NQON^PGON 
V A NTIML„PTIML 

Fetch film node. 
Fluoh rode display. 

Fetch Ring links. 
Fetch Tree links. 

Fetch nested polygon tree links. 
Fetch alternate 'hape or arc link. 
Fetch nested polygon tree links. 
Fetch time line links. 

The-.e 14 commands allow detailed inspection of the CRE data structure by showing the contents 
of a node/ Data half Aords of a node are displayed in octal; link hal'./ords are displayed prefixed with 
a letter mdicating the type of node being pointed at; a zero link is dispU -ed as "NIL". 

The FILM node, whuh is the root of the whole data structure is fetched and displayed by the 
"♦• command From the Film, the ">• command can be urcd to get SON(FILM) which is always the first 
ima-T, and ">" command of an image will get a level and ">" of a level will get a polygon. Vectors and 
polygons are intensified when their contents are being displayed. The exit command is T, which 

k avr-s the 'creen less cluttered. 

WINDOW SCROLLING COMMANDS   

; Move camera left. 
: Move camera right. 
( Move camera clown. 
) Move came <; up. 

Zoom out, shrink displayed image. 
* Zoor'. in,  evpand displayed image. 

,/;- Pe^ot •-.crolling window to it initial position and size. 
/ halve 'trength of scioHi'vj delta. 
\ Double strength of scrolling delta. 

Single ■ 'up displayed image forwards. 
U*>       Single ■ top displayed image backwards. 
fit       Run film display forwards. 
• <-.        Run film J;spiay backwards. 

ihr hri t -everal commands allow minute examination of the image by magnification and window 
po'if onin». The command character """ allows single stepping thru the film of images or continous 
displ.'/ of the fi'm forwards Or backwards. 
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CART DPIVirjG COMMANDS. 

F Drre forwardc. 
B Drive backwards. 
L Turn wheels hard left. 
R Turn wheels hard right. 
■ 'L       Pan camera left. 
vR       Pan camera right. 
SPACE   Stop the cart. 
RETURN Exit cart command mode. 

First, and most important is understanding how to stop the cart. The teletype halt command is 
SPACE; also any character other than "F", "R", "L", or "R" will stop the cart. Cart commands are 
passed first from a teletype to the PDP-10; then to the PDP-6; then over a citizens band, 27.045 
megahertz, radio link to the cart control logic. When communication is lacking between entities in the 
chain of command the !ower entity times out and causes the cart to halt. The cart control logic times 
out in a fifth of a second if it does not hear from the PDP-6; the PDP-6 times out in less than a minute 
if it h« not he«f<( from the PDP-10; the PDP-6 stops broadcasting cart commands if it detects the 
death of the PDf-lO; the PDP-iO job times out after 5 minutes of not hearing from the teletype and 
Kills the PDP-b spacewar job. 

Second, and of occasional interest is understanding how to make the cart go. i he command "F" 
will make the cart go forwards; and the other commands will cause action as mentioned in the table. If 
the cart fails to move; all its switchs should be check for being in the ON or AUTOMATIC or FAST 
position; all its plugs should be plugged in; and its batteries should be checked. Recently cart failure 
had been most often caused by the radio transmitter in the Kludge Bay. Check to see that the 
transmitter is turned on and that the PDP-6 is running. By the end of the year (1973), a new cart 
radio controler will be installed by Hans Moravec, and these commands will be updated. 

CART HARDWARE DIAGONOSTIC. 

V Enter dugonostic listen loop. 
RETURN       Exit Jiagonostic listen loop. 

NUMERALS:    0,1,2,3,4,5,6,7   send direction relay bits. 
CHARACTERS: H,A,B,C,D,E,F,G   send action relay bits. 

The cart diagonostic listen loop simply takes the low order four bits of a non-carriage return 
ASCII charaefpr and broadcasts them to the cart. The cart decodes four bit radio command bytes into 
six relays; commands 0 thru 7 set the pan, drive, or steering direction relay repective to bits A, 2 and 
1; commands A thru G set the pan, drive, or steering action relays respective to bits 4, 2, and 1. 
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SAIL WTERFAOJG TO CRE. 

II should lie possible to embod the CPE machine code under a SAIL core image; however I do not 
intetvi to do thi<. worK. for the present, the CRE interface to SAIL M only realized via a disk file 
transfer ot the data ttructurt, A CPE file may be iead into an integer array in binary mode as 
illu',.ti atcd below 

Vho first vord of a CPE tile i$ the Hr«l word of the film node which contains the size of the file 
in words, fho lilm node ha', address 0; the next node has address 7; and so on in multiples of seven. 
There .ire no empty nodes in I CPE tile.   The following SAIL program will read in a CPE file named X: 

COMMENT EXAMPLE OF SAIL INPUT OF A CRE FILE; 
BEGIN "TEST" 

INTEGER SI7E; 
0PEN(1,"DSI< ",8,3.0,0,0,0); 
L0OKUP(l1"X.CRE",0h 
SIZE - W0PDIN( 1); 

KON 
INTEGES ARRAY N0DE[0:SIZE]; 
APPViN(l,NOÜE[l],SI7E-n; 
PELEASEÜh 
"MAIN PROGRAM."! 

END; 
END; 

After the NODE array is loaded, CRE links and data may be accessed by their document names in 
a rea onablo node Itnfc notation using macros like the following: 

DLMfll  ( VWQ)   - "(NOOE(Q] LSH -18)"; 
DEFINE CCVWO) - "(NOOE[Q] LAND ■77 77"^,; 
OEFirjE DAO(Q) ■ "(NOOE[0*1] LSH -IS)"; 
DEFINE 5ON(0) - "(NOOElQ*!) LAND 777', ")"; 

So thai the first 'ertex of the first polygon of the first level of the first image of the film can 

be obtained: 

INTEGER FILM.IMAGE.LFVEL.POLYGOIiVERTEX; 

FILM - 0; 
LEVEL •   SONiFILMi; 

■    rOLYOON - SONILEVEU 
VERT! X - SONit;i''LYr/irj!; 

The user may note that SAIL will compile three or more instructions for whnt is known as a 
POP 10 lialfword operation; also if the user converts me CRE nodes and links into LEAP items and 
associations then an overhead of from ten to one hundred instructions per "halfword operation" will 

Li  in urred. 
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LISP iNTERFACtNG TO CRE. 

It sKoutd be possible to etnhecl the CPE machine code under a LISP core image; however I do not 
intend lo do Ibis work. For the prerent, the CRE interface to LISP is only realized via a disk file 
|r«nsfei Ol llw Hata 'truclur«. A CRE file may be lead into LISP binary program space and accessed 
u'inr Ine CRE norneiv.Jature (11 link name1', and 13 datum names) by means of the S-Expression 
tubroutirws provided in the file CRE.LSP[CRE,BGn]. The subroutines work in both the old Stanford 
LISP 16 K .vel! a;, the newer UCI LISP and Micro Planner, PLNR. The CRE.LSP[CRE,BG8] can be loaded 
either by one or the other of the following two LISP statements: 

(OSKIfKCRE.BGQKCRE.LSP)) 
(IMCilNPUHCRE.BGGkCRE.LSP))) 

A CRE film file is read into LISP binary program space by one of the three possible INCRE 
format'.; 

(INCRE fitonamo) 
(INCRE filename project) 
(INCPE filename project programmer) 

rilenames should be sin characters or less, projects and programmer initials should be three 
characters or less, the filename extension CRE is assummed and the usual PPPN defaults occur. If the 
input succeeds INCRE returns a value T; if the input fails INCRE returns a value NIL and prints one or 
the other of these two messages: 

CRE FILE NOT FOUND, 
CRE FILE REQUIRES 00000 MORE WORDS OF BINARY PROGRAM SPACE. 

After a ■ uccssful INCPE; the film, linage, level, polygon, arc and vector nodes are referred to by 
integers using the 11 Link Fetch Subroutines; 

(CW nock-KCCW nodeMDAD nodeKSON nodtXENDO node)(EXO node) 
(ALT nodeXNGON nodeMPGON nodei'NTIME nodeKPTIME node) 

The film node*! address is the integer 0, zero. So that the expression (SETQ 
V3(CCW(CCW(50N(S0N(S0N(SON 0))))))) will retrieve the lower right hand corner of the border 
polygon of Ihe -1 level of the first image of the film.   The 13 CRE.LSP datum fetch subroutines are: 

(ROW nodeXCOL nodcKCRETYPE nodcHRELOC node) 
(CNTRSI nodeXNCNT nodeKZDEPTH nodeHPERM nodeHAREA node) 
(MXX no ifKMYY nodeKMZZ node)(PXY node) 
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This is sample output from the Xerox Graphics Printer. 
io:/SA-(nXooäc:>nuV30^_-W<>5V 

!"#$^&,()*v./0123456789:;<»>? 
@ABCDEFGHIJKLMNOPgRSTUVWXYZ[\]|- 
'abcdefghijklmnopqrstuvwxyzdfl} 

This is sample cmtpnl from the Xerox Graphics Printer. 

r*iWh; ./01234567(W;<->? 
■AKOEfCHIJKLMN0I*QllSTUVWXira\l*' 
'abcdeft'hijkl.nnopjrsluvwxviilfll 

This is sample output from the Xerox Graphics Printer. 

!"#87.&"()*v./0123456789:;<=>? 
csABCDEFGHIJKLMNOPQRSTUVWXVZmi- 
'abcdefghijklmnopqr^tuvwxyzilfl} 

This is sample output from the Xerox Graphics Printer. 

!"#W()**1-./0123456789:;<=>? 
@ABCDEFGHIJKLMNOPgRSTUVWXYZl\]t- 
'abcdefghijklmnopqrstuvwxyzdfi} 

This is sample output from the Xerox Graphics Printer. 
ic^/3A-^nXooäcDnuV30^_^^<>=v 

!"#$^&,()*+)-./0123456789:;<=>? 
@ABCDEFGHIJKLMN0PQRSTUVWXYZ[\1K 
'abcdefghijklmnopqrstuvwxyzdfl} 

This is sample output from the Xerox Graphics P 
rinter. 
ic^/SA^IT^ooäcDnuV3®^_-W<>=V 

!,,#$^&,()^,-./0123456789:;<=>? 
@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]K 
'abcdefghijklmnopqrstuvwxyzdfl} 
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USING TVFQNT - draft. 

I ntrocluct i on. 

TVFQNT is a version of CRE (January 1973) that was 
specialized to the task of converting television images into type 
fonts for tlie XGP. Xerox Graphics Printer. The original idea was to 
demunstrate the utility of a polygon representation for scaling, 
snioothing and editing typographical glyphs; the resulting hack 
(demonstration prograni) uas extended and developed by Tovar flock 
into the program railed TVFDNT. Accordingly, the main idea of TVFQNT 
is to convert video raster-, into polygons. to edit and scale the 
polygons, and to convert the polygons back into bit rasters. 

This section IV. uill be available as a TVFQNT user manual 
In another six months: it is presented here to give the would be 
user a start, and the general reader a sample of the desian and 
•xtsM of TVFQNT. a 

The figure on page 41 is an example of expanding and 
contl acting a font without manual touching up. The top sample is the 
original (BDR49 from CIIU). The remainder have been generated by 
TVF0N1. The expansion or contraction was done by converting fonts 
from bit matrices into a polygonal representation. muItipIying by 
the appropriate constant and reconverting back into a bit 
representation. The following paragraph is an example of a font made 
from toievision pictures: 

KaK But upaniiTcq naiua noMI lunpoKo-ne'iaTb? Ona naauoaeTC« \CP (Xerox 
CmiJnrs , rntirr' ii cfle^ana (JwpMoii \Vn,i na ociioDainiii Maiuiinu /.DA'. Ueirrp 
iicwAonaiiiin Wr..« D f'nh nim cfla/ia MM Maiuimy öesujiaTiio, HTofibi ticcneAooaTb ee 
npiiMoiioiiiin.     \cr    iionyqaei    113    UBM    AO    1700    pespaflon    Ka>KAUft    HHTB 

MIIJUlMCOKyilAOn,    3TO    smn    lino    KaK    110    TOJIOIUIAOIIIIII.    ByKDU    GftMtM    H3    TOHCK 

iiporpaMMoi! CTpainma COCTOIIT 113 1700x2200 ■ 3,740,000 paspnACD. Hn-aa sioro, 
UBM ffMXita paöoraTb o'iciib öuerpo. IIJIII 011a AOJi>Kiia HMCTB n onepaTHDiioft 
naMjiTL oKojio 100,000 cnon, 11^11 011a AO^Mdia noflywart 113 Ai'CKa AODOAbiio 
oojiMiiofi Cy^cp o'icii peryjinpbiio, noroMy wo, KOPAS 6yMara iiamniaeT ABHratb D 

miipoKo-iic'i.iTii, ona ne MO>:<CT ocianoDiiTbCH AO 22 A»o>Kmibix, npnimiine MauiHiifal - 
Tr.KOÜ >Ke KaK y o6UKIIODeiniOf{ MaiUIIIIbl Xerox. 

KaK Bu miAMTo, Maiiiima OMCIIL ruCiKa. BOSMOKIIO nojiaoDaTbCH JIIOöLIM 

nji^.iniiTOM, D motion pasMcpc, n KpoMc roro, B03MO>Kno newaraTb HJiJiyCTpamni. 
Hancpno Bu TOKO MMenutl, xopoiuaa luiipoKo-iieiaTb lie noMoraeT MoeMy njioxoMy 
pyecKowy ^3LiKy. CoiViac nopmocb 11a anr^nMCKiifi n3UK. 
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TVFDNT PRiriER - (draft). 

TVFONT is o- the system, and  can be run by typing "R TVFDNT" 
at  a III display console.  At present. III #23 is next  to a camera 
setup for making  fonts.   The process of making a new KGP font  or 
altering an old one kli I I be explained in six steps: 

mau .iit 
and th 
di agono 
Es  (as 
aster i 5 
8 I ng I e 
the MET 
"c"  fo 
in turn 
A    CO 

chat-act 

1. Raster input: 
2. Contour i ng: 
3. PoIygon edi t i ng: 
4. Polygon I/O: 
5. Font output: 

CompI ex i ty ar i 596 in 
tef», there are defau 
or, thnre are uays t 
era are qu i ^e a few 
sties. The iVFQNT c.o 
Mel I as CRE and 

k "*" when it is in 
command character. T 
A and CONTROL keys u 
r CONTROL. NETA. and 
require arguments hu 

mmand wai ts for a 
ers.   wh i ch i s caI 'ed 

get a y'deo image or an oId font. 
make polygons. 
delete, scale, position and alter. 
save and restore polygons. 
make new font and output font file. 

that there is mor 
1 t arguments and sw 
o save and restore i 

different display 
mmand scanner resemb 
GEOMFD); the comman 

i ts top most Ii ste 
he command character 
hich will be abbrevi 
nETA-CONTRGL respec 

ch as numbers or f i 
n  extended comman 
an extended command. 

B than one 
itchs wh i ch 
ntermediate 

modes an 
les  that o 
d scanner 
n loop wai 

may be mo 
ated as "a 
tively. Han 
e names. F 
d name  o 

way to do 
the user 
rebuIts, 

d display 
f TVED and 
types an 

ting for a 
difiod by 

"(3" and 
y commands 
i nalIy the 
f several 

This first explanation will present 
fnrrt  using the fewest  commands. 

a way of making a new 

Raster Input and Contouring: 
1. "T"    take television picture. 
2. "H"    Display histogram of television picture. 
3. "024"  Cut at intensity level 24. 

Get the Font Camera looking at a single letter in a font 
book. Use a black piece of paper with a square cut out as a mask to 
isolate the letter. The "T" command uilt take a television picture. 
The "H" command will display a histogram of the television picture, 
showing how many points of the imago were 8 intensity, (total black) 
and how many points of tha image were 77 intensity, (total white). A 
picture of a black glyph on a white background surrounded by a black 
mask should yield a histogram with two peaks. 

Next the "C" command followed by an octal number followed by 
a carriage return; contours the image at the given octal intensity 
cut threshold. That is all the points of the image, above the 
threshold are inside of a polygon. The intensity value of the 
lowest valley between the two peaks of the histogram is probably the 
best cut value (and is probably the octal number 24 or 30). The cut 
command, will display the polygons that are made. 

- 43 - 



Polygon Killing. 

4. 
5. 
G. 
7. 

"K" 
II  M 

Fetch Ltt polygon o' 1st image of the film. 
Kill a polygon. 
ring around the polygons of an image. 
flush node display. 

Given an image of polygons corresponding to one  letter 
•  . «niunnnp can be deleted by using the "K"  command and the unde-r-ired po I ycjons can ue ue 11. it-u uy    a intpnsifu  the 

nodo link display commands. To '.tart, the (+ (
U     \ill     IJi » - 

f? .t polygon Sf the image's polygon rmg,  from there tNl . 
/   in  IntPn-ifu the next polygon of  the ring;  the K 

"c^nUr^ Vasen, ly ^^f ied pCygon and fetch the 
next polygon. 

A font corresponds to a fHm. An image corresponds to a 
letter. After taKing'a series ofiaages. and del et,ng undes.red 
polygons a font file can be made using: 

Making and Outputing a Font Fi e. 

S. 
3. 
ie. 

"K"CENTER 
II QM 

"(0" 

Center all the images of the film. 
Make font bi t rasters. 
Output font file. 

hitting "X' 

not have 
tuppIy one 
font file 

THP "X'TENTER command is an extend mode command and requires 
and typing out the uord "CENTER" foiloued by a 

, . ,   The "Q" Mill cause a bit raster to be made for  the 
of each imaue of the film; if an  image node does 

an associate 

both 

?ntLrtor  portions    of  •^j^^    ^ user  wi,,   be requested  to 

he  »tQ« asK.   for   a  font   filename  and  ul 
n  the Stanford Format. 

output a 

Test ing a new Font Fi Ie. 

11.    .XGP FILE/FONT=NEUFNT.FNT[XGP.BGB] 

Tne above monitor command .ill print I FILE uith a ne. font. 
The user must specify his PPPN because the default is [XGP.SYSJ. 
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vF GNI CüfirANn üünnAirr' 

A 
B 

«B 
pn 
tB 

C 
(C 

[1 
F 
G 

H 
T 
i 

Of] 
K 
L 

M 

pn 
(ii 

N 

tN 

ASSIGN AGCil CODE TO inAGE. 
EKI'AND/CON 1RACT BV CONSTANT 
EXPAND/CONTRACT IN Y ÜIRECnnf! 
EXPANn/CONTRACT IN X DIRECTION 
SLANT CHARACTER (1/2 SLANTS ID 45 DEGREE ANGLE) 

rWE FHRCSHOLD CUT. 
riAKI POLYGON IMAGE GUI OF DU liEPRESLNTATION OF FONT. 
ENABLE/DISABLE DELETION DF I'.AfiY POLYGONS (DEFAULT IS OFF1 
LOCAIE NEAREST POINT. (F USE LIGHT PEN 
LEVEL Of CORRESPONDING CHARACTER CODE 

HISTOGIWI. "«H" ."^H" BI-NGDAl CUT. 
INPUT rv PICTURE FRGN DISK. 
INPUT CRF F ILL 
KILL IMAGE, POLYGON OR VERTEX 
SHOU LAST BIT iriAGE 

SHOW CHARACTER FROM FONT IN FNTSEG 
NOVE POLYGON 10 NEXT IMAGE. 
MOVE TO MEW INAGL 
MI [IPOINI LINE 
MUNG ONTO GRID POINT (AS SEEN IN tY) 

NEX1 IMAGE 
PRi V10US IMAGE 
REPEAT NEXI IMAGE UNTIL A CHARACTER IS TYPED 
REPEAT PRI.VIDUG IMAGE UNTIL A CHARACTER IS TYPED 

P.PQ.OR^.ST.ä.UV.VWX.XY.Ä^ 
abc d.ef., gh.L j.j k.Kl., nuuou 

p, q , r=r s.. t-< u v.. w«.x.. y.« z« 

«s 
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TVFDNT  COnriAND SUHflARY 

G OUTPUT CAREYE FILE. 
aO OUIPUT CRE FILE 
IO OUIPUT FONT F.'LE 

P PLOT  QUTPUI" FiLE. 

U 
«Q 

R 

nAKE  KDNI 
MAKE  1/: SIZE EONT 
IIIGPIAY BIT  MATRIK  FOR  THIS CHARACTER. 
ROTATE   IMAGE.   LEVEL OR POLYGON   (ANGLE  IN RADIANS! 

5 

ps 
tS 
T 

wT 

SMOOTH 
SMOOTH ANU KILL VIDEO INTENSITY CONTOUR 
REPEAT 'S' FDR EACH IMAGE 
REPEAT VtS' FOR EACH IMAGE 
TAKE A TV PICTURE 
TAKE A TV PICTURE. SETTING CLIP LEVELS AUTOMATICALLY 

v CREATE VERTEX AT CENTER 
CtV CREATE NEU VERTEX AT CURRENT VERTEX 
(3V CREATE NEU VERIEX IN NEU IMAGE 

U CENTER IN THE UINDDU. 
dU CENTER Y-POSITION ONLY. 
ßi4 CENTER X-PDSITION ONLY. 
(U MOVE POINT SPECIFIED BY LIGHT PEN TO CENTER. 

X XTfND MODE COMMANDS 

Y DISPLAY SMOOTHED FORM 
(3v Dr.PLAY viDbO INiENSITY CONTOUR 
«Y DISPLAY 110 i H OF ABOVE 
(Y DISPLAY VIDEO INTENSITY CONIOUR MUNGED ONTO PIXELS 

Z 

07 

NO-OP 
RESET LOGICAL CAMERA POSITION 
RESET DISPLAY 

4G 
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TVFONT conriANü sunriARY 

+ 

«4 

( + 

IF A NCIII 
D7HERU1GE 
BY 2. <ni 

Fetch film nodoi 
Fetch first iniayt; node from film. 
Fetch first level from film. 
Fetch first polygon from film. 

IS GUmiMUY BEING DISPLAYED, THESE COftlANDS AFI  ' THAT NODE. 
iHEY AFFICT lllc CAMERA (V1EUERS) PDGITIDN. <CÜNTRQL> MULTIPLIES 

i.lES BY 4. 
-) BY DELTA 
U) BY DELTA 

( 
) 
/ 
\ 

I TA-. MUl TI 
MOVE LEFT 
MDVE RIGHT 
MOVE UP BY DELIA 
MOVE DOUN BY DELTA 
DIVIDE DELTA BY 2 
MULTIPLY DELTA BY 2 

THESE COMMANDS AFFECT THE CAMERA (VIEUERS) POSITION. 
* 

THESE 

< 

V 
I 

NCREASE MAGNIFICATION BY DELTA 
DECREASE MAGNIFICATION BY DELTA 

COMMANDS CHANGE NODE BEING DISPLAYED. 
FFiCH CDUNTFR CLOC'^ISF NODE IN RING. 
FETCH CL0CKUI5E NODE IN TNG. 
FETCH FA 1 HER OF NODE 
FETCH SON OF NODE 
FETCH AÜC lOF POLYGON OR VERTEX] 
Ff ICH I'Oi YGON [OF VERTEX] 
EQUIVALENT TO ' •:.:■' 
EQUIVALENT TO '<.>' 
El USH NODE DISPLAY 

THESE COMMANDS AFFECT THE PUSHOQUN i.IST 
U      PUSH NODE BEING DISPLAYED ONTO STACK 
n      POP NODE OFF STACK AND DISPLAY IT 

SUAP NODE BEING DISPLAYED UITH TOP OF STACK 

47 
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TVFDNT'5 EXTENDED CDmANDS. 

ARCUIO 

BARYKILI 

CAMLRA 

CENTER 

DDT 

DISPI AY 

Set   smoothing constant.     This   is  the maximum distance a  vertex 
may  from a arc before   it   is  split   into  tuo arcs.     See description 
of   smoothing algorithm  on page XK. H     u i 

Toggle  flag which causes baby polygons   (those  consisting  of   on)u 
one pixel)   to be  ki I led) y 

Select  a different  camera number. 

Center  all   images.     It   is equivalent  to  the command  'UT   applied 
to  each   image and uses   the  same control   bits. 

Invoke DDT   if present,   return  with aP.. 

EnabIe di spI ay. 

■DISPLAY 

EX I T 

GRID 

-GRIM 

HELP 

HOLE 

<il ARC 

Disable  dispiay.     TVFQNT  spends a significant  amount  of   time 
putt mg  up   the  d i splay. 

Exit   to  nion i ten. 

Lnable diepiay of grid.  Grid is some multiple of pixel size 
d-pendent on camera focal length.  It is useful of li n ina UD' 
< naracters. a H 

D i sab I e tl i sp I ay of gr i d. 

Display help file. 

Change a polygon into a hole. 

Kill arcs vectors.  This allows several degrees of smoothing to 
be tried in conjunction with the ARCWID command. 
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TVFGNT'S EXTENDED COmANDS. 

KILVIC 

nUNG 

DRTHflUNG 

POLYGON 

I'DPJ 

READFDNi 

5CA1E 

SI ANT 

SORT 

XEROX 

XbCALE 

YSCALE 

Kill viilr?o intensity contours and replaces them with arcs. 

Force all vertices of current polygon or level onto pixel boundaries. 
This has a permanent effect as opposed to 'cY' command which only 
dis-plays them that way. 

0RIHHUNG forces vertices which appear to be form right angler onto 
pixel boundaries.  This is attempt to counter the rounding fiffect 
of dek inking on sharp corner e. as are generated by reading a font. 

Chatige a hole into a polygon 

Leave TTY loop.  Used for debugging. 

l 

Convert font which has been i cad Into the font segment into polygonal 

representation, displaying each character as read. 

Scale all images by constant. Equivalent to the command 'ET applied 
to each image. 

Slant all images by constant .  Please see command 'cB' for a more 
complete description. 

Sort images on film according to ASCII code.  This is for convienence 
in looking a fonts sequentially.  The 'G' command is recommended for 
finding specific characters. 

DUTPUI TV inAGE TO KGP 

Scale all images by constant in the X direction.  Equivalent to the 
command 'cfB' applied to each image. 

Scale all image/ by constant in the Y direction.  Equivalent to the 
command '(3B' applied to each image. 
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TVFOIMT NODE FORMATS - JAN 1973. 

1 
1                VFRTEK/ARC NODE. 
i 

POL VGON/REGION NODE. 

0 
I                 1 

3 

VERILy.-RING 
ROM,.COL 
TYPE..RELOC 

0 
1 

PO[ ' '.ON-HING. 
DAD..SON 
TYPE..RELOC 

1             * 
I             5 
1                6 

ARC,,    - 
-   ..PGDN 

RT  SEG..LT SEG 
s 
6 

ARCÜNCNT 
-   ..PGDN 

_  ._                                                          1 
1 
I                 IMAGE  NODE. 
i 

LEVEL NODE. 
i 

1               0 
1               1 
1                     5 

1              3 
A 

e. 

IMAGE-RING 
-   ..SON 

TYPE..RELOC 

t   « 

0 
1 

3 
4 

5 
G 

LEVEL-RING 
-  ..SON 

TYPE..RELOC 

- .'!NCNT 

1 
1                FILM NODE. 
i 

EMPTY NODE. 
i 

i               0 
1 

3 
1             * 

s 
G 

CORES IZE 
- ..SON 

TVPE..RELOC 
- ..AVAIL 

BLOCK COUNT 

0 
1 

-1 

4 

5 
6 

-  ..AVAIL 

TYPE!.RELüC 

—      »   »       — 

I                SEC 
1               8 
1               1 
1                  3 
1                I 

4 
1                5 

G 

^lENT NODE. 
SEGMENT RING 

TYPE!.388983 
LDEL..ROEL 
LCOL..RCOL 
LROU..RROU 
1-T..RT 
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GUnriAKY OF  lAniNA  INERTIA TFN5GR EXI'RESSIONS. 

RECTANGLE'S    l.AnifJA  INERTIA TENSOR ABOUT  ITS CENTER OF HASS. 

nvY 
nzz 
PXY 

EMU-AREA/iZ; 
A*A*AREA/12; 
nxx + nvY; 
0: 

(B HEIGHT  IN RDJS). 
(A UIDTH  IN COLUriNS). 

DRiENirn RIGHT   fRIANCLE'S LAfllNA  INERTIA TENSOR ABOUT  ITS CENTER OF nASS. 

nxx 
nvY 
nzz 
PKY 

B«B«AREA/18j 
A«A«AREA/18i 
riKK   +  ilYV; 
-A*B*AREA/3S; 

(B HEIGHT   IN ROUS) . 
(A UIDTH  IN COLUriNS). 

SUnnATION OF LAfllNA  INERTIA TENSORS. 

Af 1 A 
KCM 
vcn 
MKM 

MYV 

PXY 

ANGLE   OF  I'f'INCIF'l.L AXIS 

PHI 
I'XY 

(AREA1     ♦    AREA2); 
(APEAl * XCni     +    AREA2 * XCnZ)   /  AREA; 
(AREAl * YCH]     +    AREA2 * YCNC)   /  AREA; 

MXX1  + YCnUYCm »AREAl + 
nxx: + YCn2*YCtt2*AREA2 -    YCn*YCn*AREA 
riYYl + KCMUXCnUAREAl + 
HYYC + XCn2*XCn2*AREA2 -    XCM*XCn*AREA 
PXYl - KCril«YCni«AREAl + 
PXY2 - XCn2«YCn2«AREA2 +    XCri*YCn*AREA 

0.S*ATAN((NYY-nXX)/(2*PXY)) 
e.r,*mYY - nxx)*TAN(2*PHi) 

RANSLANQN OF LAfllNA INERTIA TENSOR AWAY FROM CENTER OF MASS. 

MXX' 
MYY* 
PXY' 

MXX + AREA*ÜY*DY; 
MYY + AREA*DX*DX; 
PXY - AREA*DX*DY; 

ROfATION OF  LAMINA  INERTIA  TENSOR ABOUT CENTER OF MASS. 

C 
s 
MXX' 
nv •' 
PXY' 

COSINE(PHI)i 
SINE(PHI)5 
c*c*nxx   +   S«S«f1YY    -    2*C*S*PXY 
c«c«nYy   +   S*S*MXX   +   2*C*S*PXY 
(C*C  - S*5)*PXY  + C*S*(MYY  - MXX) 
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